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A  Comparison  of  Protective  Services  Commonly  Used  for 
Rail  Shipments  of  Florida  Oranges  and  Grapefruit 


This  is  a  report  on  more  than  600  citrus  shipping  tests  from  Florida  over  a 
period  of  three  shipping  seasons  beginning  in  19^-8.     It  presents  a  comparison  of 
load- temperatures  obtained  during  transit  by  commonly-msed  protective  services 
grouped  by  shipping  periods,  and  the  effect  of  such  temperatures  on  the  keeping 
qualities  of  the  fruits  during  the  transit  period  and  for  a  week  after  it  reach- 
ed market.    The  evidence  presented  herein  should  assist  most  shippers  in  select- 
ing the  protective  service  most  feasible  for  his  needs,  and  usually  should  make 
possible  a  considerable  saving  in  money.. 

Even  some  veteran  shippers  are  not  well  posted  on  the  relative  efficiency 
of  the  several  protective  services  in  general  use.    Although  there  are  many  reasons 
for  this,  the  most  important  ares  (l)  Few  shippers  have  a  clear  idea  of  the  approxi- 
mate amount  of  heat  a  bunkerful  of  ice  may  be  expected  to  remove  from  a  carload  of 
fruit,  or  the  probability  of  fruit  freezing  in  a  car  under  ventilation  when  outside 
air  temperatures  are  well  below  32°  F»;  (2)  the  absence  of  adequate  data  correlating 
icing  and  ventilating  services  with  resulting  temperatures  in  transit?  and  (3)  the 
effect  of  these  temperature  differences  on  condition  of  the  commodity  during  the 
marketing  period. 

A  fact  that  is  confusing  is  that  frequently  there  is  no  great  difference  in 
temperature  at  unloading  time  regardless  of  whether  the  fruit  was  shipped  under  the 
most  expensive  refrigeration  service,  some  of  the  less  expensive  ones,  or  even  under 
ventilation.    For  example,  in  a  few  shipping  tests  to  New  York  during  the  fall  of 
19^,  test  ears  were  shipped  under  standard  refrigeration  (several  re-icings  en= 
route  at  a  cost  of  $63.^8  per  car)  and  others  under  a  free  service  designated  as 
Item  80,  Section  2  (initial  icing  and  one  re-icing).    They  had  essentially  the  same 
temperatures.    The  same  was  true  in  tests  to  Pittsburgh  using  standard  refrigeration 
at  a  cost  of  $90.60  and  initial  icing  and  one  re-icing  at  a  cost  of  $60 „8^.  Recogniz- 
ing the  possible  savings  in  refrigeration  costs,  the  Florida  Citrus  Exchange,  and 
other  interested  agencies,  through  the  Growers  and  Shippers  League  of  Florida  re- 
quested that  the  U.  S.  Department  of  Agricultures  (l)  resume  its  transportation 
studies  without  delay  and  expand  them  to  include  comparisons  of  the  commonly-used 
protective  services  as  affected  by  car  types  and  loading  methods  I  and  (2)  repeat 
the  tests  often  enough  to  establish  a  basis  for  recommending  a  transit  refrigera=° 
tion  schedule  that  is  safe  and  not  unnecessarily  expensive  (one  which  can  serve  the 
shipper  in  much  the  same  manner  that  spray  schedules  serve  growers). 

NEED  FOR  REFRIGERATION 

The  main  purpose  of  refrigeration  in  transit  is  decay  control,,  so  a  brief  re~ 
view  of  the  relation  of  temperatures  to  the  development  of  rots  in  Florida  citrus 
fruit  is  desirable.    Fortunately,  temperatures  low  enough  to  control  effectively 
the  development  of  fungal  rots  also  retard  the  development  of  rind  breakdown  such 
as  pitting,  commonly  found  in  the  Pineapple  orange,  and  aging  which  is  most  pro- 
nounced in  the  Valencia  during  the  latter  part  of  its  shipping  season.    During  much 
of  the  shipping  season,  outside  air  temperatures  north  of  Florida  are  low  enough 
to  cool  fruit  rapidly  during  transit,  thereby  retarding  decay  without  the  cost  of 
refrigeration. 
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Most  of  the  spoilage  in  fall  shipments  of  Florida  fruit  is  stem  end  rot  caused 
"by  the  fast-growing  diplodia  fungus.    The  optimum  temperature  for  growth  of  this 
fungus  is  about  86°  F.     It  is  stopped  at  50®.    The  principal  cause  of  rot  in  winter 
is  green  mold  which  develops  within  a  week  or  two  after  harvest o     This  fungus  grows 
most  rapidly  at  75°  and  can  cause  decay  in  3  or  k  days0     It  can  grow  at  35°  to  ^0° 
or  even  some  at  32°  but  is  retarded  at  50®.     In  late  spring,  the  ever  present 
phomopsis  fungus  causes  most  of  the  stem  end  rot  while  in  winter  it  is  commonlv  the 
cause  of  decay  in  oranges  that  escaped  green  mold.    The  relatively  slow-growing 
organism  makes  its  best  growth  at  73° 9  but  its  growth  is  also  retarded  at  5®° • 

Holding  tests  repeated  many  times  at  Orlando  with  commercially-packed  oranges 
have  shown  that  there  is  little  likelihood  of  decay  developing  within  a  week  or  10 
days  in  oranges  held  at  50®  F.  or  somewhat  eooler<> 

NORMAL  OUTDOOR  TEMPERATURES  ENCOUNTERED  IN  TRANSIT 

A  review  of  normal  temperatures  along  the  route  should  be  considered,  especial- 
ly if  the  most  economical,  safe  refrigeration-in-transit  service  is  to  be  determined,. 

The  average  monthly  temperatures  along  the  routes  to  the  East  and  Midwest 
markets  and  the  average  minimum  monthly  temperatures  are  shown  in  Figure  1.  The 
temperatures  at  Birmingham  and  St0  Louis  ran  too  closely  parallel  to  those  of  Atlanta 
and  Cincinnati  respectively,  to  be  shown  clearly  on  this  graph.    It  is  seen  that  the 
average  temperature  at  points  north  of  Raleigh  and  Nashville  is  below  50®  F.  from 
November  to  March.    Hence,  ventilation  during  the  northern  part-  of  the  transit  period 
can  be  utilized  advantageously  in  winter. 

Average  minimum  temperatures  do  not  reach  the  danger  level,  that  is  below  30®  Ft, 
even  in  the  coldest  months  until  the  cars  have  gotten  north  of  Richmond  or  Nashville. 
Hence,  ventilation  service  in  lieu  of  re-icing  may  be  indicated  through  a  part  of  the 
south  at  least  during  the  cooler  months  if  the  train  schedules  put  fruit  cars  in  that 
area  during  the  night. 

The  30®  F.  average  minimum  monthly  isotherm  for  January  shown  in  Figure  2,  pass- 
es fairly  close  to  Richmond  and  Lynchburg,  and  north  of  Knoxville ,  Nashville,  and 
Memphis,  the  principal  gateways  through  which  pass  most  of  the  shipments  from  Florida 
to  the  last  and  Middle  West.  This  isotherm  is  of  considerable  significance  in  arriv- 
ing at  the  point  beyond  which  caution  must  be  exercised  when  ventilation  is  being 
considered  as  a  substitute  for  bunker  ice.  The  26®  isotherm  is  given  to  show  it  runs 
quite  a  few  miles  north  of  the  30®  isotherm. 

When  outside  air  temperatures  are  about  25®  F.  the  likelihood  of  freezing  fruit 
while  moving  under  ventilation  is  not  great  unless  the  exposure  is  long.    That  air 
temperatures  well  below  32®  can  be  tolerated  longer  than  most  shippers  assume  was 
pointed  out  in  H„  T.  &  S»  Office  Report  No.  277  o    The  range  and  average  number  of 
days  each  winter  month  that  the  minimum  temperature  fell  below  25®  and  20®  at  these 
cities  over  a  10-year  period  is  shown  on  Figure  2.    The  number  of  days  with  risky 
low  temperatures  varied  considerably  from  year  to  year.    Only  in  unusually  cold 
weather  is  freezing  damage  likely  to  occur  in  shipments  under  ventilation  while  they 
are  south  of  the  30®  isotherm.    A  ventilation  service  more  effective  than  standard 
ventilation  is  now  available  from  Florida  to  points  near  this  isotherm  under  the 
provisions  of  Rule  385  pt  3  (10 )  (vents  closed  at  25® ,  open  above  25®).    This  service 
is  currently  applicable  from  Florida  to  designated  points  south  of  the  Virginia- 
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North  Carolina  line,  and  the  Tennessee-Kentucky  line.    North  of  this  line  the  only- 
ventilation  service  offered  is  that  provided  for  under  standard  ventilation  in  which 
ventilators  are  closed  at  32°,  opened  above  32® • 

TRAIN  SCHEDULES 

A  car  loaded  in  central  Florida  on  Monday  is  usually  in  that  general  area  until 
midnight.    On  "regular  schedule,"  hilled  to  the  East,  this  car  should  he  near  Savannah, 
G-a. ,  Tuesday  midnight;  in  Potomac  Yards,  Va. ,  24  hours  later  and  at  least  as  far  north 
as  New  York,  N„  Y.,  by  Thursday  night ■    If  the  shipment  is  made  to  the  Midwest,  the 
car  should  be  in  central  Georgia  midnight  Tuesday,  north  Tennessee  or  Kentucky  Wednes- 
day night,  and  in  Cincinnati,  Sto  Louis  or  near  Chicago,  Detroit  or  Cleveland,  midnight 
Thursday,,    Thus  by  the  second  night  after  loading,  or  soon  thereafter,  the  car  (whether 
going  to  the  East  or  Midwest)  should  be  in  or  near  a  cool  belt  where  the  average  month- 
ly temperature  is  50°  F.  or  below  during  at  least  part  of  the  winter.    Normally,  there 
is  about  a  10-degree  reduction  in  average  temperature  during  each  of  the  two  following 
days  and  by  the  morning  of  the  fourth  day  after  loading,  the  car  should  be  at  or  near 
the  principal  eastern  markets. 

A  car  on  the  advanced,  or  "third  morning  sales,"  schedule  spends  its  first  night 
in  Florida?  the  second  night  between  southern  South  Carolina  and  central  Virginia? 
and  delivery  should  be  expected  during  the  following  day. 

EXPERIMENTAL  PROCEDURE 

These  shipping  tests  were  made  with  commercial  loads  going  to  market  under  normal 
conditions  of  handling  and  under  a  regular  transportation  schedule  and  were  planned 
to  show  the  comparative  rate  of  cooling  obtained  from  the  different  services,  the 
amount  of  ice  remaining  at  unloading  in  the  bunkers  of  the  cars  given  modified  refrig- 
eration, and  amount  of  decay  that  developed  in  sample  lots  of  fruit  during  and  after 
transit.    Cars  regularly  furnished  to  the  shipper  were  used,  and  while  no  attempt  was 
made  to  choose  the  best  cars,  those  in  poor  condition  were  avoided.    When  fan  cars 
were  used,  the  fans  were  sealed  in  the  "On"  position  during  loading  and  special  in- 
structions to  "Keep  Pans  On  To  Destination"  were  placed  on  the  bill  of  lading. 

The  load  in  each  standard  test  car  consisted   of  nailed  or  wire-bound  crates 
containing  the  usual  assortment  of  sizes  and  grades,  usually  medium-size  oranges  or 
small-size  grapefruit.    A  Ryan  recording  thermometer  was  placed  in  the  center  of  the 
test  crate  which  was  loaded  in  the  top  layer  centerline  near  the  doorway  of  the  car. 
In  the  case  of  double-deck  cars  loaded  with  oranges  mostly  in  5~Pound  open-mesh  con- 
sumer bags,  the  test  bags  (one  of  which  contained  the  recording  thermograph)  were  put 
in  open-mesh  bailers  and  placed  near  the  top  quarterlength  position  and  covered  by 
only  one  layer  of  small  consumer-size  bags.    An  inspection  was  made  of  the  fruit, 
(about  90  pounds)  in  the  test  packages  upon  arrival  at  destination  and  after  holding 
for  one  week  at  room  temperature. 

Mainly  for  the  purpose  of  accumulating  mass  evidence,  many  of  the  important 
comparisons  were  repeated  10  to  15  times.    This  procedure  made  it  possible  to  include 
in  the  tests,  fruit  produced  in  different  areas,  fruit  at  different  stages  of  maturity 
and  shipments  made  under  varying  weather  conditions. 

The  kind  of  protective  services  used  during  this  study  were  varied  according  to 
the  outside  temperatures.    These  services  were? 


Standard  Bef rigeration  -  Initial  icing  and  re-icing  to  capacity  at  all  regular 
icing  stations o 

Rule  240  -  Initial  icing  only,  either  before  (pre-iced)  or  after  leading,, 
Bale  251  -  Initial  icing  plus  one  re-icing  in  transit 0 

Half  Stage  Icing  -  Raising  bunker  ice  grates  to  half-way  position,  providing 

50$  in  capacity  of  full  bunker.    Cost  is  ?8  percent  of  full-bunker  service 

for  any  of  the  bunker  icing  services  provided » 
Item  80,  Section  1  -  A  free  icing  service  restricted  to  certain  markets  and 

load  weights „     Similar  to  Bule  240  (initial  icing  only0 ) 
Item  80,  Section  2  -  A  free  icing  service  restricted  to  certain  markets  and 

load  weights o    Similar  to  Bule  251  (initial  ice  plus  one  re~icing0) 
Standard  Ventilation  -  Bule  385 »  Part  !<,    Vents  closed  at  32°  F,, ,  open  above 

32°  0 

Combination  Ventilation  -  Bule  385s  Part  3  (sec  10)    Close  vents  at  25° ,  open 
above  25® ,  to  specified  station  south  of  northern  boundaries  of  North 
Carolina  and  Tennessee  and  east  of  Mississippi  Eiver?  standard  ventilation 

b  eyond „ 

Some  shipments  consisted  of  two  of  the  above  protective  services 8  such  as  Bule 
240  followed  by  combination  ventilation  or  a  modification  of  a  service  such  as  Half- 
stage  Standard  Bef rigeration. 

RESULTS 
PBEC00LED  LOADS 

Boom  precooled  fruit.    Fruit  that  is  room-precooled  prior  to  loading  should 
have  a  temperature  of  about  40°  F„,  certainly  below  50°°    Late  spring  and  early 
summer  shipments  of  crates  of  room-precooled  oranges  and  grapefruit  loaded  in  both 
non-fan  and  fan  cars,  showed  that  initial  icing  (Bule  240)  supplied  adequate  refrig- 
eration for  4  or  5  days,  Figures  3  and  4.    Although  fan  cars  gave  more  uniform  tem- 
peratures ,  they  were  not  vastly  superior  to  non-fan  cars.    Fan  and  non-fan  cars  given 
standard  refrigeration  and  Item  80,  Section  2,  are  compared  directly  in  Figure  5° 
In  exceedingly  hot  v/eather  it  may  be  desirable  to  replenish  the  ice  supply  at  ship- 
ping points  or  to  re-ice  the  second  or  third  day  in  transit,  if  the  car  is  to  be  held 
several  days  before  unloading.    The  shipper  who  feels  that  standard  refrigeration  is 
safer  can  save  22  percent  of  refrigeration  charges  without  sacrificing  protection  by 
using  stage  icing  standard  ref rigeration,,     (See  also  H„  T„  &  S„  Beports  ETo„  279»  280, 
and  AAB-USDA  Test  2) 

Car  precooled  fruit ,    Crated  fruit  precooled  for  6  hours  with  bunker  ice  in  a 
fan  car  in  May,  Figure  6,  cooled  only  about  15  degrees  to  a  temperature  of  about  65s  F. 
The  bunkers  were  replenished  with  ice  a  few  hours  after  leaving  the  shipping  point . 
Cars  with  the  non-precooled  loads  were  iced  at  the  same  timee    The  precooled  loads 
were  cooler  than  the  non-precooled  loads  throughout  the  transit  period,  although  the 
difference  in  temperature  lessened  as  the  transit  period  lengthened,,     (See  also  H0 
T.  &  S0  Beport  No.  263) 

The  rate  of  precooling  of  bagged  fruit  obtained  by  a  mechanical  unit  mounted  on 
a  track  (Produce  Conditioner)  was  not  uniform,.    In  a  few  instances.  Figs »  7  and  8,  very 
little  cooling  was  obtained  while  on  other  occasions,  Figso  9  and  10,  the  rate  of 
cooling  approximated  that  obtained  from  bunker  ice„    Precooled  fruit,  shipped  with 
initial  and  2  re-icings  in  transit  in  May  had  about  10°  F0  lower  transit  temperatures 
than  non-precooled  fruit  shipped  under  the  same  service,,  (Fig„  9)     Car  precooled 
fruit  shipped  in  January  and  February  with  initial  ice  only  had  much  lower  tempera- 
tures during  the  first  2  days  than  non-precooled  fruit  receiving  an  additional 
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re-icing  in  transito  (Fig.  10) 

A  comparison  of  containers  showed  that  oranges  in  open-mesh  "bags  cooled  more 
rapidly  than  those  in  windowed  paper  "bags  ("Vent-Vu" )  during  the  transit  periodo 
(Fig.  8) 

The  rate  of  precooling  of  citrus  after  loading  was  also  discussed  in  H0  T0  &  So 
Reports  Nos.  277 >  279  and  280.    The  records  presented  in  those  reports  and  here  give 
a  good  picture  of  the  temperature  reduction  that  may  he  expected  when  warm  citrus 
fruits  are  precooled  in  the  car  with  mechanical  cooling  units  or  with  ice0  Precool- 
ing for  6  hours  with  a  mechanical  unit  in  good  condition  removed  about  as  much  heat, 
1.4  to  16  degrees,  from  the  load  as  did  a  bunkerful  of  ice,,    By  either  means  of  pre- 
cooling, the  commodity  is  not  likely  to  he  much  "below  55°  °r  60®  F„  after  6  hours 
of  precooling  even  if  the  commodity  is  fairly  cool  when  loaded. 

In  general,  the  records  show  that  (l)  warm  loads  in  pre-ieed  cars  precooled 
with  hunker  ice  and  permanently  installed  car  fans ,  should  have  the  hunkers  re- 
plenished at  loading  point  or  re-iced  in  transit  not  later  than  the  day  after  load- 
ing.   Rarely  should  more  than  2  hunkers  full  of  ice  he  needed  for  shipments  of  4 
or  5  day  duration.    During  the  cooler  months  ventilation  may  often  he  substituted 
for  the  second  hunkerful  of  ice;  (2)  warm  loads  in  "dry11  cars  precooled  with  a 
mechanical  unit,  should  he  initially  iced  at  the  first  icing  station  readied  enroute. 
Whether  to  re-ice  or  convert  to  ventilation  later  would  depend  upon  outside  tempera- 
tures and/ or  fruit  condition. 

NON-PRECOOLED  LOADS 

Under  usual  working  conditions,  a  ton  of  ice  is  not  likely  to  reduce  the  tem- 
perature of  a  50»000  pound  load  of  warm  fruit  more  than  3  or  ^  degrees..    It  is  evident 
that  3  or  4  tons  of  ice  does  little  more  than  partially  cool  a  carload  of  warm  fruit. 
By  knowing  the  temperatures  of  the  commodity  at  loading  and  the  amount  of  ice  supplied, 
one  can  forecast  with  reasonable  accuracy  what  the  commodity  temperature  will  he  when 
the  first  supply  of  ice  is  melted. 

Fruit  in  crates*    In  late  fall  and  winter,  initial  icing  and  one  re-icing  gave 
as  satisfactory  temperatures  as  did  standard  refrigeration.     (Fig.  11)    Similar  results 
were  obtained  in  the  January-February,  March-April,  and  May-June  periods  ih  fan  cars9 
but  in  non-fan  cars  standard  refrigeration  gave  somewhat  lower  temperatures  than  did 
one  re-icing.     (Figs.  12,  13  and  14) 

As  summer  approached,  loading  and  delivery  temperatures  rose  regardless  of  pro- 
tective services.    It  is  essential  to  replenish  the  bunkers  of  non-precooled  loads  at 
shipping  after  loading.     If  this  is  done  and  the  cars  are  re-iced  the  second  morning 
after  loading,  t  emperatures  approximating  those  obtained  from  standard  refrigeration 
should  he  expected  for  4  or  5  days.     If  the  bunkers  are  not  replenished  at  shipping 
point,  but  re-iced  the  second  day  after  loading,  most  of  the  initial  ice  will  have 
melted  before  the  car  gets  out  of  the  state,  and  cooling  will  have  slowed  down  or 
even  stopped  before  the  car  is  re-iced. 

The  fan  car  cooled  the  load  more  rapidly  in  transit  than  the  non-fan  car.  This 
fact  was  re-affirmed  in  H.  T.  &  S.  Reports  Nos.  277  9  279  and  280,  and  AAR  Test  1, 
which  also  gave  a  detailed  rate  of  cooling  in  10  locations  in  each  car,  and  v/as  fur- 
ther supported  in  Report  No.  282.    More  significant  is  the  fact  that  regardless  of 
the  date  —  from  fall  to  early  summer  —  one  re-icing  of  fan  cars  gave  better  transit 
temperatures  than  standard  refrigeration  of  non-fan  cars. 


-6- 


No  practical  difference  in  results  were  noted  between  cars  pre-iced  and  those 
initially  iced  at  the  first  icing  station  reached  after  loading,  Figures  15  and  16. 
This  is  of  considerable  importance  because  the  day"  s  loading  requirement?  often  can- 
not be  anticipated  in  time  to  order  pre-iced  cars. 

During  February  and  March,  warm  loads  in  both  fan  and  non-fan  cars,  re-iced  in 
the  Carolinas  and  vents  kept  closed  to  destination,  cooled  at  about  the  same  rate  as 
those  converted  to  standard  ventilation  in  the  Carolinas  after  re-icing,  (Fig.  17) o 

From  March  through  May,  full  bunker  and  stage  icing  standard  refrigeration  gave 
essentially  the  same  temperatures  in  fan  cars,  (Fig.  18) „    However,  the  former  gave 
somewhat  lower  temperatures  in  non-fan  cars. 

Initial  icing  and  one  re-icing  (Fig.  19)  gave  no  better  temperatures  in  January 
and  February,  than  ventilation  service  without  ice.    As  late  in  the  season  as  March 
and  April  ventilated  box  cars  had  as  good  temperatures  as  refrigerator  cars  initially 
iced  and  re-iced  once— the  second  day  after  loading.  (Fig.  20)     The  bottom  layer  of 
the  load  had  the  lowest  temperatures  in  the  ventilated  box  cars,  and  the  middle  layer 
the  warmest  temperatures  with  the  top  layers  intermediate.  (Fig.  2l) 

Fruit  in  small  bags.  Non-precooled  loads  of  5~P°und  open-mesh  bags  in  double 
deck  cars  initially  iced  followed  by  one  re-icing  (in  the  Carolinas  the  second  day 
after  loading)  did  not  cool  as  rapidly  as  did  similar  loads  of  fruit  ventilated  beyond 
the  Carolinas  during  January  and  February  or  during  March  and  April,  (Figs.  22  and  23) • 

During  February  and  April,  initial  icing  with  vents  closed  to  destination,  was 
compared  with  one  re-icing  in  the  Carolinas.  (Fig.  2h)    Both  groups  of  cars  cooled  at 
the  same  rate  until  the  second  day;  thereafter  the  re-iced  cars  cooled  more  rapidly. 

During  the  hot  weather  of  May  and  June,  standard  refrigeration  cooled  the  lading 
more  effectively  than  only  one  re-icing.  (Fig.  25) 

Closing  the  vents  in  "dry"  cars  loaded  with  oranges  in  mesh  bags  resulted  in  a 
rise  of  temperature  until  the  vents  were  opened  about  the  second  midnight  after  loading. 
(Figo  10,  Skinner  Gas  cars,  vents  closed  to  Savannah,  Ga„)    Thereafter,  commodity  tem- 
perature reduction  was  rapid  and  the  temperatures  in  these  cars  were  similar  to  cars 
initially  iced  after  loading,  re-iced  the  second  day,  and  vents  closed  to  destination. 

The  initial  ice  supply  in  the  bunkers  of  cars  loaded  with  warm  fruit  (75°  to 
80®  F.)  is  fairly  well  depleted  by  evening  of  the  day  after  loading.    Under  these 
conditions  and  favorable  outdoor  temperatures,  cooling  is  likely  to  be  more  rapid 
if  the  vents  are  open  after  the  ice  is  gone  than  if  vents  are  closed.    This  is  espe- 
cially worthy  of  consideration  in  the  case  of  warm  loads  moving  under  Item  80,  Section 
1,  i.e.,  6000  to  8000  pounds  of  ice  supplied  at  the  first  icing  station  reached  en- 
route,  or  in  pre-iced  cars  of  warm  fruit. 

Whenever  the  outside  air  temperature  is  well  below  that  of  the  commodity,  faster 
cooling  may  be  expected  in  cars  under  ventilation  than  in  those  with  a  small  supply 
of  ice.     It  is  seen  from  Figure  1  that  the  mean  minimum  temperature  is  below  50°  F. 
at  Savannah  from  November  to  March  and  that  the  average  3°°  minimum  isotherm  (JAN) 
cuts  across  Virginia  and  Tennessee.    Therefore,  during  the  winter  months  cars  loaded 
with  warm  oranges  or  grapefruit  and  initially  iced  only,  could  be  advantageously 
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converted  to  combination  ventilation  service,  Rule  3&5  >  Part  3.  a-t  Savannah,  Albany, 
Macon  or  wherever  the  car  may  be  in  south  or  central  Georgia  at  evening  of  the  day 
after  loading,  or  the  second  day  out.     This  should  be  followed  by  standard  ventilation 
service  part  1  beyond  the  region  in  which  part  3  is  applicable,,    During  cool  weather 
ventilation  service  from  shipping  point  to  destination  may  be  feasible,  especially 
with  grapefruit. 

PACKAGES  AND  CAS  TYPE  IN 
RELATION  TO  TEMPERATURE  REDUCTION 

Spring  shipments  of  crated  fruit  in  ventilated  box  cars  cooled  at  least  as  rapid- 
ly as  that  in  refrigerator  cars  given  initial  icing  and  one  re-icingo    Oranges  in  5~ 
pound  open-mesh  bags  cooled  somewhat  more  rapidly  than  those  in  windowed  paper  bags 
loaded  in  double  deck  cars;  there  was  no  significant  difference  in  rate  of  cooling 
between  nailed  and  wirebound  crates,  open-mesh  bags  over  1  or  2  layers  of  crates  in 
standard  cars,  and  open-mesh  bags  in  double  deck  cars.    Pan  cars  cooled  the  load  faster 
than  non-fan  cars  whether  loaded  with  fruit  in  crates  or  mesh  bags0 

ICE  REMAINING  AT  UNLOADING 

The  ice  remaining  in  the  bunkers  on  arrival  at  destination  is  likely  to  serve  no 
useful  purpose  if  the  car  is  unloaded  soon  after  arrival,.    Yet  it  is  desirable  to  have 
some  ice  in  the  bunkers  in  hot  weather  to  prevent  a  serious  rise  in  commodity  tempera- 
ture should  unloading  be  delayed  several  days,  such  as  over  week-ends.    A  slight  rise 
in  commodity  temperature  for  a  day  or  two  is  not  likely  to  be  harmful  even  in  hot 
weather o 

Room  precooled  fruit.    There  was  no  significant  difference  between  the  amount  of 
ice  remaining  in  the  bunkers  of  non-fan  cars  and  that  in  fan  cars  at  unloading,,  The 
greatest  average  amounts,  7300  and  7600  pounds,  were  in  the  non-fan  and  fan  cars 9 
respectively,  given  full  bunker  standard  refrigeration,  while  the  least  amounts,  2400 
pounds  and  3000  pounds,  respectively,  were  in  the  stage  iced  cars  re-iced  only  once. 
It  is  noteworthy  that  this  small  amount  of  ice  in  the  upper  half  of  the  bunker  was 
sufficient  to  prevent  a  rise  of  commodity  temperatur e ,  while  a  larger  amount,  4600 
pounds,  in  the  bottom  of  the  bunker  of  initially  iced  non-fan  cars  did  not  prevent 
a  slight  rise  in  commodity  temperatures  during  the  third  and  fourth  day  after  loading 
in  warm  weather,  (Pigs.  3  and  4).     In  no  case  was  the  commodity  temperature  in  the 
top  of  the  load  above  5°°  P.  at  unloading. 

Precooled  in  car.    During  late  spring  crated  oranges  in  fan  cars  precooled  with 
ice  and  given  standard  refrigeration  had  7600  pounds  of  ice  remaining  at  destination, 
(Pig.  6).    Oranges  in  open-mesh  bags  in  double  deck  non-fan  cars,  precooled  with  a 
mechanical  unit  and  re-iced  once  during  transit  had  2200  pounds  of  ice  in  the  bunkers 
at  unloading,  (Pig.  9).    During  the  winter  months,  the  cars  that  were  given  only 
initial  icing  had  about  700  pounds  of  ice  left  in  the  bunkers  at  unloading,  (Pig.  10). 

Non-precooled  loads.     In  late  fs-ll  and  winter  shipments  of  crated  fruit  the  ave- 
rage amount  of  ice  remaining  at  destination  ranged  from  63OO  pounds  in  non-fan  cars  to 
65OO  pounds  in  fan  cars  given  standard  refrigeration,  and  correspondingly,  from  3900 
to  4600  pounds  in  those  given  one  re-icing,  (Pig.  11).     In  May  and  June  the  average 
amount  of  ice  remaining  at  unloading  of  cars  shipped  under  standard  refrigeration 
ranged  from  5600  pounds  to  6200  pounds  in  non-fan  and  fan  cars,  respectively,  while 
the  range  was  from  2800  to  3000  pounds  in  similar  cars  re-iced  but  once,  (Pig.  14)  „ 
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The  lesser  amount  of  ice  in  each  pairing  was  found  in  the  non-fan  cars.    In  a  few 
cars  loaded  with  unusually  warm  fruit  and  re-iced  "but  once,  practically  all  of  the 
ice  was  melted  when  the  cars  were  unloaded . 

DECAY  AND  RIND  BREAKDOWN 

The  amount  of  decay  and  rind  "breakdown  depend  to  a  large  extent  on  the  condition 
of  the  fruit  when  packed  and  the  temperatures  in  transit.    Since  the  data  from  numerous 
tests  with  fruit  of  widely  different  quality  were  averaged  to  prepare  the  graphs  used 
in  this  paper  only  general  conclusions  can  be  drawn  about  the  relation  of  the  amount 
of  decay  and  rind  breakdown  to  the  various  icing  services.. 

A  preliminary  examination  of  the  data  show  a  great  amount  of  variability  in  amount 
of  decay  and  rind  breakdown  in  the  different  shipments  in  all  of  the  temperature  ranges 
However  in  general  they  were  worse  in  shipments  that  had  average  transit  temperatures 
above  60,  than  in  those  with  lower  tempera tures-o    This  indicates  that  protective  ser- 
vices that  provide  reasonably  fast  cooling  and  average  transit  temperatures  below 
60°  F.  are  desirable. 

A  more  detailed  analysis  is  being  made  of  the  relation  of  decay  and  rind  break- 
down to  transit  temperatures  and  the  different  protective  services.    This  will  be 
published  later. 

COMMERCIAL  CONSIDERATIONS 

The  shelf  life  of  fruit  is  often  shortened  by  delays  in  refrigeration  at  shipping 
point  that  permit  rot  organisms  to  get  a  good  start.     This  delay  may  result  in  decay 
that  is  visible  on  arrival  at  market  or  that  may  remain  invisible  until  after  the 
commodity  reaches  the  retail  stores.    A  knowledge  of  the  time  required*  under  various 
transit  conditions  to  lower  the  temperature  of  the  commodity  to  a  safe  level  is  more 
helpful  than  a  record  of  commodity  temperature  at  unloading  only.    For  example,  50° 
pulp  temperature  quickly  attained  and  maintained  is  better  than  a  slow  reduction  to 
45° a  or  even  H-0°  not  gained  until  destination  is  reached. 

Although  shipments  of  oranges  and  grapefruit  can  be  made  safely  most  of  the  time 
without  refrigeration  to  points  reached  in  2  days s  and  less  frequently  to  points 
reached  in  3  or  ^  days,  refrigeration  in  transit  is  usually  desirable.    Except  in 
favorable  cool  winter  weather9  ventilation  all  the  way  to  distant  markets  provides 
inadequate  cooling  and  is  risky  with  weak  oranges.     Tangerines,  because  of  their 
greater  liability  to  decays,  should  always  be  shipped  under  refrigeration. 

Fan  cars  cool  the  load  faster  and  more  uniformly  than  do  non-fan  cars.    When  the 
commodity  is  room-precooled,  fan  cars  are  not  so  necessary. 

Room-precooled  fruit  and  warm  fruit  to  be  precooled  with  ice  in  the  car  should 
be  loaded  in  pre-iced  cars.    Warm  fruit  precooled  with  a  track-side  mechanical  unit 
soon  after  loading  need  not  be  loaded  in  pre-iced  cars,  but  they  should  be  initially 
iced  as  soon  as  practicable  after  precooling  to  retain  the  benefits  of  the  precooling. 
In  hot  weather,  room-precooled  loads,  as  well  as  those  precooled  with  a  mechanical 
unit  after  loading,  may  need  re-icing  2  or  3  days  after  loading.    Loads  precooled 
with  their  initial  supply  of  ice  should  be  re-iced  the  morning  after  loading  if  the 
bunkers  cannot  be  replenished  at  shipping  point. 
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Precooling  loads  in  non-fan  cars  is  usually  desirable  in  warm  weather  and  espe~ 
cially  when  decay  is  prevalent 0    The  need  under  the  same  conditions  for  precooling  in 
fan  cars  at  shipping  point  has  not  been  demonstrated ,  but  it  may  be  desirable,, 

When  fruit  is  precooled  5  or  6  hours  with  bunker  ice  after  loading,  it  is  usually 
desirable  to  replenish  the  bunkers  at  shipping  point  and  to  re-ice  the  second  day  after 
loading  if  the  temperature  of  the  fruit  is  in  the  80"  s  at  loading  time  or  if  the  com- 
modity is  "weak."    If  the  commodity  temperature  is  in  the  mid  60' s  at  loadings,  re-icing 
about  2k  hours  after  precooling  is  satisfactory. 

Non-precooled  loads  under  Bule  251  should  be  re-iced  25  to  40  hours  after  loading 
for  markets  reached  within  k  or  5  days. 

Rule  2k0  and  Item  80 „  Section  1,  give  fairly  comparable  refrigeration;  likewise, 
Rule  251  and  Item  80,  Section  2,  are  comparable.  Hence „  for  brevity,  mention  is  made 
of  only  one  member  of  each  pair  of  comparable  services. 

The  suggested  protective  service  schedule  is  based  not  only  on  the  results  re- 
ported herein,  but  also  on  those  given  in  AAR  Tests  1  and  2,  and  in  H.  T.  &  S.  Reports 
Nos.  263,  277,  279,  280  and  282 ,  issued  by  this  Division.    Since  both  the  fruit  and 
weather  conditions  to  be  coped  with  are  continually  changing,  a  prearranged  schedule 
that  is  safe  at  all  times  may  be  unnecessarily  expensive  during  much  of  the  shipping 
season.    For  example,  during  an  unusually  cold  period  of  late  November  covered  by 
Report  No.  277*  and  also  during  the  cool  period  of  late  December,  1952 „  ventilation 
would  have  cooled  the  load  at  least  as  rapidly  as  any  of  the  refrigeration  services. 
The  prudent  use  of  ventilation  can  save  the  industry  large  sums  annually. 

The  following  proposed  schedule  is  designed  for  average  fruit  packed  in  crates 
or  open^mesh  bags. 
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Figure  2 


AVERAGE  MINIMUM  TEMPERATURE  -  JANUARY 


26' 


30" 


26° 
30° 


FREQUENCIES  OF  LOW  TEMPERATURES 
(From  1931  through  19U0) 


NOVEMBER 


DECEMBER 


JANUARY 


.  FEBRUARY 


MARCH 


STATI.  : 

NUI"IBiiR 
OF  DAYS 

20°  or 
less 

2^°  or 
less 

20°  or 
less 

25°  or 
less 

20°  or 
less 

25°  or 
less 

20°  or 

less 

25  or 
less 

20°  or 
less 

25°  or 
less 

Richmond, 

Range 

0-2 

0-6 

0-12 

2-16 

0=19 

0-26 

0-15 

2  "20 

0-3 

0-8 

7a  0 

Average 

0.5 

2.1 

3*2 

6.5 

Lu8 

8.2 

8.1* 

0.8 

2,5 

Lynchburg, 

Range 

0-2 

0-5 

0-13 

2-16 

0-15 

0-2U 

0-13 

1-19 

o-a 

0-8 

7a. 

Average 

1.0 

2.8 

3.1 

6.0k 

U.9 

8.1 

k.2 

7.3 

1.1 

2.6 

Knoxville, 

Range 

0-3 

0-6 

0-9 

0-1 6 

0-15 

0-19 

0-8 

0-9 

0-5 

0-10 

Tenn. 
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0.6 
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2.2 

U.9 

3.7 

6.1 

2.7 

k.6 

0.7 

1.8 

Nashville, 

Range 
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0-15 

0-17 

0-23 

0-10 
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0-10 

Tenn. 
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2.2 

2.7 

5.U 

li.8 

•6.8 

3o2 

5.8 

0.7 

1.8 

Memphis , 

Range 

0-2 

0-3 

0-6 

0-8 

0-17 

0-21 

0-8 

0-16 

0-3 
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Tenn. 

Average 

o.h 
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1.7 

3.3 

3<.7 

1.7 

3.6 
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